We investigated mitochondrial DNA divergence for amphidromous and landlocked forms of ayu Plecoglossus altivelis to describe their genetic status and search for genetic markers discriminating the two forms. The first half of the control region was sequenced for 60 fish, 15 individuals from each of 2 amphidromous and 2 landlocked populations. These sequences were found to be highly variable, sug gesting their utility for the analysis of intra-specific divergence. The landlocked form was genetically more homogeneous than the amphidromous form in terms of the number of polymorphic sites and the magnitude of nucleotide diversity. Intra-form net nucleotide substitutions were 0.024% in the landlock ed and -0.062% in the amphidromous, showing that intra-form genetic differentiations were small. In contrast, inter-form net nucleotide substitutions were considerably higher, 0.241-0.527%, indicating some genetic heterogeneity in the mitochondrial genome between the two forms. Nearly 80% of fish were distinguishable as amphidromous or landlocked by the nucleotide substitutions at hyper-variable sites.
Maintenance of wild living resources is sometimes incon sistent with human consumption and demand for those resources. Native populations often suffer from the in troduction of a non-native population through competi tive exclusion or introgression.1,2,3) The extent of outbreed ing depression potentially depends on the extent to which individuals are adapted to local environments, and on the amount of genetic differentiation between native and non native populations.4) A persistent problem encountered in the management of native populations involves the recog nition of genetically and demographically discrete popula tions to determine functional units for management. 5) The ayu Plecoglossus altivelis, a common osmeroid fish in Japan, is commercially important for freshwater fish eries. It is semelparous with an annual life history, separat ed into two major forms, coastal and lacustrine. The coastal form ranges over the Japanese Archipelago, migrat ing between rivers and seas amphidromously.6) The lacus trine form has been a landlocked native of central Japan's Lake Biwa system since the glacial ages, the Wurm glacial age at least,7,8) and is used as the main breeding stock for transplantations. The two forms differ in some behavioral, physiological, morphological, and reproductive character istics. For example, the landlocked form tends to dominate optimal feeding territories within the river, and by their more aggressive behavior accordingly to the water temperature excludes the amphidromous form from these areas.8,9) The landlocked form has more scales10,11) and spawns a greater number of smaller eggs earlier in the sea fish from food-rich habitats by transplant ed landlocked fish is a concern. However, a more serious problem is the genetic disturbance to the native form. Spawning periods of the two forms become closer with in creasing latitude and partially overlap in the northern part of Japan. 14,20) Fish from the two forms mate indiscriminate ly when they share a spawning site.21) Where spawning in trusion by transplanted fish occurs, the native population may be damaged by the loss of population specific genetic diversity as well as the introgression of maladaptive charac teristics. The present study aims to describe the genetic composition of the amphidromous and landlocked popula tions of the ayu and search for a form or population specific genetic marker. For sensitive analysis, we chose to 
Results
We determined 340 by sequences from the beginning of the control region ( Fig. 1 , accession: AB003989) for the 60 individuals. This section showed a high level of nucleotide substitution with 75 polymorphic sites (22%) without any insertions or deletions (Fig. 2 ). The amphidromous form had more polymorphic sites (n=65) than the landlocked form (n=35) (G-test, df=1, G=10 .4, p<0.005), although there was no significant difference in the fre quency distributions of those sites along this section of the control region (Kolmogorov-Smirnov test , df=2, D=4.12, p>0.1). Of 65 polymorphic sites in the am phidromous form 43 were transitions and 26 were transver sions, while of 35 polymorphic sites in the landlocked form 27 were transitions and 10 were transversions. Most of the polymorphic sites showed low levels of variability, different for an average of 3.0% (sd=5.2, n=68) of in dividuals per site, but at 7 sites (position No.s: 53, 58, 109, Each bar represents a 25-base segment .
160, 237, 241, 243) substitution was recognized for more than 25% of the individuals. ter-form net nucleotide substitution ( Table 1) . The frequencies of nucleotide substitution at the 7 hyper-variable sites mentioned above were compared wi thin and between forms ( Table 2) . Intra-form difference in the frequency of nucleotide substitution was not detected in both forms, but inter-form difference was significant at 5 of the 7 sites. Corrected probability values by the num ber of variable sites were still far smaller than 0.01 for 3 of these 5 sites. Although these 5 sites were not completely dis criminative for each form, a discriminating level of more than 80% was attained by using the substitution that oc curred at the No. 243 site. Based on these 5 substitutions, 60 individuals were assigned into 9 haplotype groups (Table 3) , and the amphidromous and landlocked forms had different compositions (df=8, G=47.34, p<0.005; Table 2 ). Of the first half of the ayu, the control region of mtD NA polymorphic sites frequently constituted 20% , com pared to 4-10% for the same region of other surveyed fish species.26-29) In many organisms, the mitochondrial DNA seems to accumulate mutations more rapidly than do sin gle-copy nuclear genes.30) Extensive nucleotide substitu tions in the ayu mtDNA surveyed suggest this region to be useful for studies of intraspecific variation. However, the amphidromous form may have subtle but substantial genetic differentiation among local popula tions, because some population specific characteristics, such as timing of reproduction or clutch-size/egg-size tradeoffs, are recognized in the amphidromous form; most of them varying latitudinally.10,14,20) A more detailed exami nation of the inter-populational divergence is necessary to assess the importance of major river populations and deter mining functional units for management. Our mtDNA markers are sensitive to an extent that fish were distinguished to their form with 80% probability by nucleotide substitutions, although these are not discrete like allozyme markers. 17-19,31,32) There still remains the pos sibility that new markers discriminating the two forms will be found elsewhere in the mitochondrial or nuclear ge nomes. However, another interpretation for the lack of dis crete markers is possible. Some contacts between the two forms were allowed through the R. Uji that linked Lake Biwa to Osaka Bay until the construction of Nango-arai Dam in 1907.33) The previous genetic contribution of am phidromous fish to the landlocked population in Lake Biwa may have been a force to prevent 100% nucleotide substitution in the landlocked form up to the present. The truth may be that there is no complete nucleotide substitu tion between the two forms anywhere on their genomes. 
